The power handling capability of a high temperature superconducting transmit filter with a double-strip resonator (DSR) was investigated by comparing the performances of such a filter with conventional microstrip-line (MSL) filter. The DSR structure consists of two coupled strips and the center pin of the SMA connector as feed line. The idea is to increase the effective film thickness to reduce the current concentration at the edges of the resonator compared with that of an MSL resonator. The two threepole filters were designed using electromagnetic simulator. The center frequency and 3dB-bandwidth are a 5.0-GHz and a 100-MHz. The two filters were fabricated using YBa 2 Cu 3 O y thin films on a CeO 2 -buffered r-Al 2 O 3 substrate. The measured frequency responses of the filters were in reasonable agreement with the simulated ones. The measured power handling capability of the DSR filter was 3.5 dBm larger than that of the MSL filter.
Intoroduction
High-temperature superconducting (HTS) microwave receive filters have low loss and sharp skirt characteristics, making them practical for use in the receiving systems of mobile telecommunication base stations. HTS microstrip transmit filters are also potentially suitable for systems that require high power handling capability. Thus, interest in HTS transmit filters has been increasing [1] [2] [3] [4] [5] [6] [7] [8] . The high-power filters that have been reported use various types of resonators, such as bulk resonators [1] [2] , dual-mode resonators [3] [4] [5] , and modified microstrip line (MSL) resonators [6] [7] [8] . However, the dual-mode resonators and modified MSL resonators are difficult to enhance the more power handling capability without improving the quality of the HTS materials.
We previously reported a HTS modified double-strip resonator (DSR) filter structure for transmit filter application [9] . The filter is constructed with a DSR and a center pin of the SMA connector as a feed line for improving the power handing capability and frequency responses. The DSR reduces the current concentration at the edges of the resonator compared with that of a conventional single strip resonator due to the increase of the effective film thickness.
In this study, we investigated the maximum current density and power handling capability of a three-pole DSR filter by comparing the performances of such a filter with conventional microstrip-line (MSL) filter.
Filter design
We designed a three-pole DSR filter and a conventional three-pole MSL filter to investigate their frequency response and reduction in the maximum current density due to using a DSR. We previously reported that the power handling capability of an MSL filter can be estimated from the maximum current density along the outer edge of the resonators using an electromagnetic simulator (Sonnet EM) based on the moment method [8] . Many researchers also used Sonnet EM software to optimize the power handling of the filter design [5] [6] [7] [8] . Thus, the filters were designed and analyzed using Sonnet EM software [10] . The two filters were designed with a center frequency of 5.0-GHz and a 3db-bandwidth of 100-MHz.
The configurations of the two filters are shown in Fig. 1 . The two filters were fabricated using 300-nm YBa 2 Cu 3 O y (YBCO) thin film on a 25 25 0.5 mm Al 2 O 3 substrate with a dielectric constant of 9.9. The back of the substrate was Au coated for the ground plane. We used two center pins of the SMA connector as feed lines for the DSR filter [9] . The frequency responses of the two filters are shown in Fig. 1(c) . As shown in Fig. 1(c) , the simulated frequency responses of the two filters were in reasonably good agreement with the design parameters, and the DSR filter also good agreement with the conventional MSL filter. This result indicates the DSR filter can be designed using same method as the conventional MSL filter. The maximum current densities of the proposed double-strip resonator filter were determined using a Sonnet EM simulator. The software assumes that a 1-V sinusoidal source with 50-impedance drives the two-port microwave circuit. Figure 2 shows the maximum current densities at the edges of the resonators of the MSL and DSR filter as a function of frequency. As shown in Fig. 2 , with the DSR filter, the maximum current densities were lower than those with the MSL filter due to the weaker local magnetic field concentration at the edges of the resonator. At the center frequency in particular, the maximum current density with the DSR filter was about 25% less than that with the MSL filter. The power handling capability of the DSR filter can thus be expected to have approximately 1.7 times higher than that of the MSL filter.
Measurement results
The two filters were patterned using conventional photolithography and ion beam milling. Figure 3(a) and (b) show a photograph of the fabricated filters. Measurements were done using an integrated RF measurement system consisting of a cryocooler operating and a network analyzer (E5071B, Agilent Technologies).
The simulated and measured frequency responses of the two filters are shown in Fig. 3 
